The agriculture sector nowadays relies mostly on conventional energy sources and traditional irrigation ways.
INTRODUCTION
Water assumes a critical part in photosynthesis, cooling through transpiration, and is the main thrust for the development of nutrients in the plants. Thus, adequate soil moisture availability is critical in the crop root zone for ideal crop production. Precipitation supplies soil moisture which is available for a plant, and it is consumed through the process of evapotranspiration (crop water use). The rate of evapotranspiration depends mainly upon weather parameters, crop maturity stage, and crop type. Precipitation is deficient in numerous regions of the world, to meet the crop water necessities. Thus, water is utilized by artificial means, like irrigation. Nowadays, 15% to 20% of the commonly plowed area is under artificial irrigation, which contributes approximately 40% of the total agricultural production ((FAO). 2016). Studies show that the crop yield can be expanded by using irrigation along with other extra advantages such as crop improvement in its quality. Various techniques are available for irrigation; from traditional with low application efficiencies (40% to 60%) to modernize high efficiencies (70% to 95%) such as center pivot, sprinkler, and trickle (dripping) irrigation systems ((FAO). 2016). In Iraq, the center pivot sprinkler and dripping systems are the most commonly adopted irrigation methods. Using renewable and clean energy resources in irrigated farms has raised the significance of solar energy. Utilizing solar radiations as an energy resource is potentially more suitable as compared to the other renewable resources because the crop water requirement is highly depending on incoming solar irradiation. Therefore, the energy production, as well as the energy demand, depends on the same source. (Hamidat & Benyoucef, 2009 ) presented a study for optimal sizing and systematic of solar PV irrigation systems. Many factors that affect the proper sizing of solar PV irrigation system are considered. The factors are solar insolation, temperature, weather conditions, the size of PV array, pumping head of the motor, whether the motor pump is AC or DC and type of crops to be irrigated. Choosing the optimal size of solar PV irrigation will significantly increase the efficiency of the system, power production, and reduces overall cost. (Chandrasekaran & Thyagarajah, 2014) presented a study for validating of AC and DC motor systems fed by PV cells. The study includes a simulation and a practical work. In this study, it is decided that DC motors are more suitable for water pumping applications. However, in this study, critical points such as comparisons of systems costs are not studied and no numerical data provided for total costs. Also, choosing PV array tilt angle is not mentioned and the effect of tilt angle on PV performance, system power, and water discharge is not discussed. In addition, it mentions that the output voltage of PV array increases with the increase of irradiance, but no numerical data are provided. Tracking and non-tracking solar panels performance have been evaluated in (Helikson, Haman, & Baird, 1990). It has been understood that the extra cost related to a tracking system can be avoided by setting the panels at some tilt angle, with only a small loss in efficiency. In this paper, a PV-powered dc water pump system is designed for irrigation. A comparison study of the prototype and Matlab Simulink is carried out to demonstrate the advantages and disadvantages of using DC and AC water pumps. Dominant factors of the system such as the effect of solar radiation on motor power, current, and water discharge are studied. Matlab Simulink is also performed to verify the operation the system's components. The rest of the paper is organized as follows: Section 2 describes the modeling of the proposed system. The design of the proposed system is described in section 3, results and discussion are provided in section 4. Finally, the conclusion is provided in section 5. 2. SYSTEM MODEL Stand-alone photovoltaic (PV) irrigation system typically consist of a PV array, inverter (in the case of AC motor), controller, battery bank, a motor and other wiring accessory. With the use of DC pump, a DC-DC booster is utilized to step up and stabilize the voltage generated by PV cell. The general block diagram of DC and AC systems are shown in Fig (1 and Fig (2 respectively. The tilt angle of PV panel is an important parameter affecting the produced voltage, power and efficiency of solar cells, therefore it`s an important factor to be kept in mind while designing the system. ). Thus, solar PV panels with tracking systems may be adopted to improve the PV system performance. For improving the performance of PV cell panels, an alternative practical way can be used, by fixing the PV panel at some fixed tilt angles, which is plus or minus 15 degrees from the latitude of the location for winter and summer months respectively (Morales, 2010) . B. Solar PV tilt angle Solar PV array performance is highly affected by its tilting angle with the horizontal. This is due to the fact that the value of solar radiation reaching the surface of PV panel changes with the change of tilt angle. The angle of PV arrays with respect to horizontal is defined as the tilt angle. The tilt angle is an important parameter affecting the collectible radiation of a fixed PV array. In general, the optimal tilt angle of a fixed PV array depends on the geographic latitude, climatic condition, and the period of its use. Therefore, different places will have different optimal tilt angles for a yearly used solar PV array. PV array adjustment of tilt angles in practical applications is direction should be toward the equator, in the northern hemisphere, the direction should face south. The optimum tilt angle depends on the latitude. (Imad Jawad Khadim, 2013) proved that changing collectors' azimuth and tilt angles daily to their optimum values in Egypt can achieve a total annual gain in solar radiation of 29.2% more than a fixed collector with a tilt angle equal to its geographic latitude. However, daily hard due to frequent changes of the angle and complex structure of frames which support solar panels. Monthly adjustment of tilt angle may be the simplest way and easier to be implemented in practice. In this mode of tilt-angle adjustment, the tilt angle of solar panels is only changed once per month with the tilt angle being site latitude (∅) around the equinoxes and (∅ ± ) around the solstices, where is the tilt-angle adjustment from the site latitude. The solar radiation amount incident on the surface is the component value of the incident radiation of received from the sun, which is perpendicular to the module surface. Fig (4 shows how to calculate the radiation incident on a tilted surface (Smodule) given either the solar radiation measured on the horizontal surface (Shoriz) or the solar radiation measured perpendicular to the sun (Sincident). Equations (1) and (2) 
where is the elevation angle and is the tilt angle values of the module, which is measured from the horizontal. The elevation angleis is obtained as: = 90 − ∅ + (3) where ∅ is the latitude angle and is the declination angle that given by:
where is the day of the year. The tilt angle is calculated as:
C. Batteries
Mostly Solar PV powered irrigation system is designed for a complete off-grid application. Thus, it requires storing the power generated by the solar panels in batteries. The basic equivalent circuit of a lead acid battery is shown in Fig (5 . 
where is the energy at a given concentration, o is the energy at standard 1 molar concentration and / = 26 mV at 298 ˚K.
D. Solar Charge Controller
The solar PV powered irrigation system uses a PWM charge controller; the controller is used to regulate the current and voltage coming from the PV array. The purpose of using this device is to protect the batteries from overcharging. The charge controller is a suitable choice based on the rated power of the panel.
E. DC-DC boost converter
Basic DC-DC booster can produce an output voltage greater than the source voltage. The basic electrical circuit DC-DC booster is shown in Fig (6 . When the switching device is on, energy is stored in inductor L, the energy stored in the inductor will discharge to capacitor C and the load when the switch opens, by using Faraday`s law (Rashid, 2010 ):
Where D is the duty cycle. From (7) the DC voltage transfer function is
The booster circuit is used to step up the voltage produced by the PV cell before feeding to the pump system. In Fig (7, Q0, Q1 , Q2, and Q3 are power transistors.
G. Water Pump Model

DC Pump
The criterion for the pump's selection of the system is low cost to assure affordability on the part of small farms. In developed countries, diaphragm pumps are used for water supply to communities. The diaphragm pump is used in this prototype because these pumps are the cheapest in the market and are already known in the project's area. The motor of the pump is a DC Permanent Magnet. The circuit diagram of the permanent magnet motor is shown in Fig (8 (Chandrasekaran & Thyagarajah, 2014) . The voltage of the motor is given by:
where is the applied voltage, is the motor back e.m.f, is the current of the armature, is the armature resistance and is the brushes voltage drop. Fig ( 9) : AC Induction Motor In Fig. 9, 1 is the terminal voltage of the stator, 1 is the stator current, 1 is the stator leakage reactance, 1 is the stator effective resistance, 2 is the counter ElectroMotive Force (EMF) generated by the air gap flux, is the excitation current and 1 is the impedance of the stator.
DESIGN OF THE PROPOSED PV-powered MOTOR SYSTEM FOR IRRIGATION
In this section, the design of the proposed PV system is presented. Also, the main components of the system are modeled in Matlab Simulink for performance verifications.
Design of the Prototype
The prototype consists of a PV array, controller, a motor, battery bank, DC-DC converter in case of DC pump, and DC-AC inverter in case of AC pump and other mounting and wiring accessories. In this study, only one PV-panel is used. The panel consists of four NR50G PV modules manufactured by the Naps Systems Oy Finland. Each module consists of 36 polycrystalline silicon cells connected in series that can produce maximum power (Pmax) of 50 watts at standard conditions. Specifications of the panel at STC (i.e. 25°C and 1.000W/m²) are given in Table 1 . One important condition to be noticed; is that operating temperatures of these PV modules in Iraq are usually higher than 25°C. However, PV panels operating at higher temperatures than 25° C produces less than their rated output power (Masters, 2004) . Thus due to temperature affect, their efficiency drops below the rated values. The efficiency of these modules is 13.5 % at standard test conditions. The modules are connected in parallel via multiple contact connectors to maintain approximately 18 volts. To measure the performance of the panel, the positive side wires of the panel is connected to current sensors before it is connected to the charge controller. Also, positive and negative wires from the panel are connected to relevant charge controller terminals. In this study, one 12 volts' leadacid battery is used. The battery can deliver up to 105 amp-hours of energy at 12 volts. Continues power is provided by the battery for the duration of 50 hours of pumping operation. Backup power is provided for the system to run continuously in case of overcast weather. The charge controller used can supply a maximum of 45 amps current from the PV array to the batteries. Since the proposed PV array consists of only one PV panel, the charge controller can deliver a maximum current of 17.32 amps. The controller has four terminal connectors; two terminals are connected to positive and negative terminals of the batteries, the other two terminals feed the positive and negative leads from the PV array. Boost converter is used to step up the panel voltage of 16-17 V (depending on the sunshine) to 24 V. A Daygreen brand boost converter is used, the values of the components of the booster are, V in =17 V, V out =24 V, Duty Cycle, D=0.5, I ripple =0.117 A, L1=1.004 mH, Cout=211 µF, I diode =15.1689 A. A DC permanent magnet motor (16 W), 24 V, Shurflo ProBaitmaster pump model 4901-6212 is selected to perform this study. The DC motor is directly connected to solar PV panel to see the motor performance. Motor performance without using any converter was not satisfactory as it could not supply the required initial torque of the motor. Since the motor used is 24 V, a boost converter is used to provide initial high voltage to the motor for starting purpose and smooth running of the motor. The performance improved after the integration of boost converter. In Case of AC pump, a submersible AC pump is used. Rated voltage, rated current and rated power of motor are 240V, 0.1A, and 16 W respectively. This motor is chosen due to its low economic cost. 
System Simulation
Results And Discussion
In this section, experimental results are obtained practically. A comparison between DC and AC motor pumps is carried out. Selecting optimum tilt angle for Duhok is calculated and performed practically.
Selecting Optimum Tilt Angle
The system designed in section three is tested experimentally. The results are obtained and analyzed. Three different tilt angles are calculated using (5): 1. 39.4°: the optimum tilt angle of 26th of September. 2. 34.8°: the average angle for the month of September. 3. 22°: the average angle for 4 months (June, July, August, and September). (13 and Fig (14 shows that the best tilt angle to get maximum output voltage is 39.4°. However, changing the angle daily is impractical. Therefore, the month average angle 34.8° is selected to be the optimum tilt angle of month September.
Performance of the Proposed System in Case of DC Pump
The tilt angle for solar panels is set-up to 34.8 o (optimized chosen angle) south facing in the garden of the college of engineering in Duhok city. The DC motor is connected to PV cells. The boost converter is connected between motor-pump and solar PV panel to improve the performance of the system. Data are collected over a period of few hours on a summer day and listed in Table 2 . From Table 2 , it is clear that the characteristic of the solar powered pump is similar to the theoretical characteristics. However, the power consumed by the water pump is less than the theoretical power of the array. It is found that the water discharge capacity is in the range of 0.9 l/min.
Performance of the Proposed System in Case of AC Pump
To see the performance of the system with solar PV cells, a load test is performed with the motor pump set is directly connected to the solar panels through an inverter. Detailed performance of the system is recorded in Table 3 . Data are collected over a period of few hours of a summer day. 
Cost of the Proposed System
Using locally available technologies, DC and AC water pump powered by solar PV is designed and implemented to study the way to reduce dependency on conventional electricity and diesel water pumps that used in irrigation. Moreover, since these dc pumps will run without an inverter, maintenance will also be less and easy. Total costs of the proposed systems are shown in Table 4 and Table 5 . 
Discussion of Results
AC and DC systems are compared in terms of system complexity, cost as shown in Tables 4 and 5 , and power consumption. From Table 3 and table 4 , the DC motor consumes less power than the AC and the system uses fewer components i.e. the system is simpler, also the DC system is more cost effective than the AC. On the other hand, the water discharge of the AC pump is higher than the DC pump for the same time (see Table 2 and Table 3 ). However, the overall results showed the superiority of the DC motor over the AC motor.
Conclusion
This study presented a design of a standalone PVpowered irrigation system. A comparison was carried out between AC and DC motor pumps. The results demonstrated the advantage of DC motor over AC in terms of system simplicity, cost, and power consumption. On the other hand, water discharge of AC pump was higher than the DC pump for the same time, the average water discharge of AC motor was around 1.3 l/m while 0.83 l/m for DC motor. However, overall results showed the superiority of DC motor over AC motor. Therefore, DC motor was selected to be used in the proposed system. The system was designed and implemented considering the effect of solar radiation on motor power, current, and water discharge. The system was also modeled and simulated in Matlab Simulink. The system was tested with an optimum tilt angle for Duhok city. The results showed that choosing the optimum tilt angle affects directly the amount of incident irradiation, which affects proportionally the water discharge of the pump. It is concluded that the tilt angle of the panel can be changed manually once a month to avoid the using of the solar tracking system. Finally, the results demonstrated that the prototype is effective in irrigation systems in terms of water discharge value, accuracy and cost.
